Successful Design of Expansive-Soil Foundation for a Large Modern Chemical Fertilizer Plant by Qian, H. B.
Missouri University of Science and Technology 
Scholars' Mine 
International Conference on Case Histories in 
Geotechnical Engineering 
(1993) - Third International Conference on Case 
Histories in Geotechnical Engineering 
02 Jun 1993, 9:00 am - 12:00 pm 
Successful Design of Expansive-Soil Foundation for a Large 
Modern Chemical Fertilizer Plant 
H. B. Qian 
4th Design Institute of the Chinese Department of Chemical Industry, Wuhan, China 
Follow this and additional works at: https://scholarsmine.mst.edu/icchge 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Qian, H. B., "Successful Design of Expansive-Soil Foundation for a Large Modern Chemical Fertilizer Plant" 
(1993). International Conference on Case Histories in Geotechnical Engineering. 56. 
https://scholarsmine.mst.edu/icchge/3icchge/3icchge-session01/56 
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been 
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 
• 
Proceedings: Third International Conference on Case Histories in Geotechnical Engineering, St. Louis, Missouri, 
June 1-4, 1993, Paper No. 1.51 
~£ . 
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H. B. Qian 
Professor, Senior Engineer and Chief Designer of the 4th Design 
Institute of the Chinese Department of Chemical Industry, Wuhan, 
China 
SYNOPSIS: Various methods of foundation treatment had been adopted in the design of different parts 
of the plant according to it's particular needs respectively. The adopted methods include: selecting 
rational depth of foundation; increasing pressure on the base of foundation; replacement of soils; 
sand mat; pier foundation and large diameter cast-in-place piles. In addition to the foundation 
treatments, measures were also taken to prevent the infiltration of water and to protect the mois-
ture of sub-soils. The super-structure were also designed to have a greater rigidity. 
INTRODUCTION 
The chemical fertilizer plant of Hubei Prov. in 
China is a large factory equiped with high preci-
sion and automatically controlled machines of 
medern technology imported from USA and Nether-
ands. It is specified that for some of the ma-
chines, pipes and instruments, the absolute set-
tlement with respect to the building foundation 
should not exceed 5mm; and the differential set-
tlements in between them should approach zero. 
The location of the plant is in a region of ex-
pansive soils. In order to achieve a safe and 
economical design of the foundations, soil ex-
plorations were made and the regional experiences 
on foundation treatment of buildings were inves-
tigated. dith due considerations of the available 
construction equipments and materials, various 
designs were made according to different situa-
tions and special structural requirements respec-
tively. 10 years have passed now with a record of 
satisfactory production work of the plant, and 
the record of long-time settlement observations 
have proved the foundation designs to be safe and 
economical. 
BUILDING SITE AND SOIL DATA 
The plant is located on an open secondary terrace 
on the north bank of the Yangtze River. The sur-
face of the terrace slopes slightly down to the 
south-east, which is fully of ridges and gullies 
formed by the errosion of rain-water run-offs in 
the form of branches of trees. 
The soils of the terrace is an alluvial deposit 
of the upper Pleistocene Period. The upper 
stratum, 10-12 meters thick, is a flood beach 
deposit which are expansive soils. The lower 
stratum consists of cobbles from the river-bed, 
in which ground water exists at the elevation of 
12-15m below surface. In some localities, the 
ground water is under pressure and closely link-
ed with the water in Yangtze River. Occasionally, 
isolated water pockets can be found in the upper 
stratums. 
The bearing stratum of the site can be classified 
into five layers as follows: 
1) Surface Loam. 
2) Clay, Top layer 1.70-5.50 meters thick, 
brown-greyish in color, stiff and fissured, con-
taining Fe and Mn ingredients, with shallow sur-
face slides on the slopes. Bottom layer 0.70-7.00 
meters thick, mainly browish in color, more Fe-Mn 
ingredients and lesser fissures as the depth in-
creases. Both the top and bottom layers of clay 
are expansive soils, and it's mechanical proper-
ties are as shown in Table 1. 
3) Sandy clay, 1.0-5.0 meters thick, stiff and 
yellow-brownish in color. 
4) Clayey sand, 0.7-2.0 meters thick, soft 
plastic and yellow-brownish in color, containing 
thin layers of fine sand, 
5) Cobbles, 15.00-17.00 meters thick, cobbles 
are nearly round in shape with diameters mainly 
3-5cms, it's origin is mainly from igneous rocks 
and partly from clay stone, the layer is saturat-
ed with water and contains also some sand,g~avels 
and clayey soils. 
TABLE I. Mechanical Properties of The Expansive Soils 
water Dry Void Liquid Plastic Volume Swelling 
PH Content Density Ratio Limit Index Swelling Pressure Shrinking Consistancy 
(%) g/cm3 (%) (%) (%) kPa (%) B 
23.0 1. 64 o. 65 42.0 23.4 3.13 30 12.3 0.11 
7.6 
-28.0 
-1.79 -0.80 -49.0 -25.0 -8.10 -80 -29.2 0.15 
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It was found upon investigation that cracks had 
ap.peared on most of the existing buildings in 
this region. The occurrence of cracks is closely 
related with the geomorphic feathers of the sit~ 
the condition of vegetation and the changes o£ 
weather. Several cracks happened when the depth 
of foundation was less than 0.8 meter. When the 
depth of foundation was greater than 1-2m,cracks 
were small and rarely happened. As a result o£ 
the above geological explorations and investiga-
tions, it was concluded that the bearing stratum 
of the plant is a soil with medium expansive 
property. 
DESIGN AND TREATMENT OF FOUNDATIONS ON EXPANSIVE 
SOILS 
According to experiences in the design of build-
ing on expansive soils elsewhere and abroad, 
special considerations should be given to the 
following three aspects: first, treatments of 
foundations; second, enviromental and moisture 
control; third, structural treatments. The speci-
al considerations which were taken in the design 
of this project are described as follows. 
1. Foundation Treatment 
Foundation treatment is the main measures taken 
to eliminate or diminish the expansive and con-
tractive properties of foundation soils so that 
the buildings can be prevented from unequal set-
tlements and cracking. With due considerations 
o£ the construction equipment and material avail-
able in this project, the following foundation 
treatments had been adopted. 
1.1 Sand mats were gennelly used under the builQ-
ing foundations of the plant: The function of 
sand mat is to diminsh the expansion or contrac-
tion of foundation soils. Thus, the uneven de-
formation of the buildings can be avoided. Full 
scale test buildings had been constructed in the 
field to compare the settlements between build-
ings with and without sand mat. It was found 
while the average settlement at -1.1m depth 
amounted to 296mm without sand mat, the settle-
ment at the same depth was only 233mm for .build-
ings with sand mat. The test records also showed 
that the thicker the sand mat, the smaller wi11 
be the settlement. Therefore, sand mats were 
adopted under the strip foundations of single-
story building and multi-story buildings, and 
also under the equipment foundations of towers 
and tanks ·in the plant. The thickness of sand 
mats ranges from 300 to 1000mm. As an evident ef-
fect of the sand mat treatments, the settlements 
of foundations were small and no crack appeared 
on the buildings. 
1.2 Replacement of expansive soils by better 
soils when it is necessary. Some outdoor hydrau-
lic structures, such as water-cooling pond,sedi-
mentation pond etc. had to be constructed on 
newly filled areas where the fill consists of 
expansive soils. In that case, the expansive 
soils were entirely or partially excavated from 
the bearing strutum and replaced by sand, gravel 
or other non-expansive soils. By doing so, the 
settlements were reduced to 0-1mm, and no crack 
appeared on the water pond. 
1.3 The rational depth of foundation were design-
ed after field observations were made to study 
the depth of weather influence on moisture con-
tent, and after the distribution of vertical dis-
placements of the foundation soils along it's 
depth were studied. It was concluded that the 
depth of weather influence in this region is 1.5 
-2.0m. Therefore, according to the degree of im-
portance of various buildings, the depths of em-
bedment of their foundations were designed res-
pectively as follows: 
a) Office building, dinning hall, auxiliary 
buildings 1.5m 
b) Ordinary single-story factory (machine shop, 
electrical maintenance, warehouses) 1.5-2.0 
m 
c) Important single-story factory and ware-
house 2.0-2.5m 
After several years of observation during produc-
tion work, the absolute settlements and differ-
ential settlements of these building foundations 
are in comformity with the specified values. 
1.4 Preventing expansion of soil by pressure: 
Numerous test data had revealed that the magni-
tude of expansion will be reduced when pressure 
on the soil is increased. The pattern of practiG-
al failures also revealed that, for the same 
foundation depth in an expansive soil region,much 
more single-story buildings were damaged than 
multi-story buildings, because the latter build-
ings exert larger pressures on the foundation 
soils beneath them. 
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Therefore, an increase of pressure on foundation 
soils can be regarded as an effective means of 
reducing the expansion. It can be recognized 
that when the foundation pressure Pc+P~Vp• the 
sub-soils will be unable to swell during the 
process of saturation under water. (Note: P0-de-
signates overburden pressure, Pc-superimposed 
pressure, Vp-swelling pressure). However, it 
should also be noted that the foundation pres-
sure should neither exceed the allowable bearing 
capacity of the sub-soil under saturated condi-
tions. 
According to the test data supplied, the volume 
of swelling of sub-soils on the site is 8.1% and 
the swelling pressure is 30-80 kPa. Therefore, 
all the foundations including the foundation of 
large area water pond were so designed as to 
satisfy the condition Pc+P~80kPa. After 10 
years of production work~ no obvious deformation 
due to swelling was experienced in the plant. 
A warehouse had to be supported by a parabolic 
arch foundation of 60 meters span and 132m long. 
In the design of it's arch foundation, undFained 
shear strength parameters of· soils under the · 
saturated condition (c=15kPa, ~=7°, f=0.123) were 
adopted to compute the stability against slidin~ 
and the condition of safety was fullfiled. 
1.5 Pile foundations were adopted for some of the 
important machineries and equipments such as 
high-speed compressor, converter and important 
high towers. Reinforced concrete piles of 1m in 
diameter were used for these important struc-
tures. The piles were cast in place with it's 
tipe bearing on the cobble layer and the length 
of these piles are 11-12m. Great cares were 
taken to ensure the workmanship of the piles so 
that no necking nor discontinuity should happen 
durin~ the casting of concrete. It was proved 
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proved afterwards that all the foundations on 
piles worked very good and their settlements are 
negligibe. 
2. Enviroment and Moisture Control 
2.1 General lay-out: Avoid high fill and deep 
cut as much as possible, keep the whole area 
well drained both vertically and horizontally,no 
large tree is allowed within a distance of 5m 
arround buildings. 
2.2 Apron: The apron arround building should be 
80-120cm wide and should exceeds the exterior 
aide of foundation ditch by 30om. If the apron 
is designed to serve as the main measure of moi~ 
ture control, it's width should be 150-200cm. 
2.3 Floor: In accordance with the requrementa of 
the production work, the floor construction may 
be chosen from one of the following three types:, 
a) Generally, cast-in-place concrete is used as 
the surface of floors, with sand, gravel and 
cinder as base course, steel reinforcements may 
be added to the concrete if necessary; b) The 
floor may be composed of precast concrete blocks, 
with base course same as the former; c) The 
floor may be reinforced concrete slabs which is 
supported on the side and should be designed to 
have a clearance above the ground. 
2.4 Prevention of leak and seepage: For liquid 
containers (such as water ponds, oil tanka, 
chemical solution troughs, etc.), besides the 
necessity of seepage-proof and leak-proof of the 
container itself, an.iaolation layer should be 
installed beneath foundation of the container so 
that both the downward seepage and the upward 
evaporation can be prevented. 
2.5 Design and construction of pipes and con-
duits: All pipes (indoor and outdoor) should be 
located at a distance of no less than 3.0m from 
the exterior wall. In order to be convienent for 
repair work, pipes should be laid above ground or 
in trenches. Clearances of 200mm should be left-
ad arround the pipe when it passes through wall 
or foundations. Heat isolation layers should be 
installed for all foundations of the equipmenta 
which generate heat (such as furnace, chimney, 
underground heat facilities, etc.) 
3. Structural Treatments 
As a general principle, the super-structure 
should be so designed as be able to suit to the 
non-uniform deformation of expansive soil founda-
tions and to reduce the amount of differential 
settlements. This can be achieved by the follow-
ing considerations. 
3.1 The type and material of the super-structure, 
including it's joints, connection and arrange-
ments, should be so designed as to make the 
structure suitably stronger and rigid enough to 
stand the non-uniform deformation of the founda-
tions. And, care should be taken to avoid local 
weakness in any part of the structure by the in-
stallation of girth beams at each story and set-
tlement joints at places where the loads or 
elevations of building are remarkably different. 
3.2 Reinforced concrete foundations should be 
adopted for tall buildings and important facili-
ties. 
3.3 For retaining walls which retain earth fill 
or store materials, in addition to the ordinary 
earth pressure, the influence of swelling pres-
sures should also be considered in the design. 
CONCLUSION 
Table 2. shows the results of foundation treat-
menta of this chemical plant. 














Type of foundation 
Monolithic R.C. 
R.C. foundation 
Turbine Compressor 1-lonolithic R.C. 
101-J 
Compressor factory Individual R.C. 
building Piles · 
Production frames Monolithic R.C. 
Production Tower Ring Shaped R.C. 
Warehouse Battered R.C. 
Columna 
Sedimentation Circular R.C. 
pond Slab 




Deformation during '75- 185 
Specified Actual Measured 
(mm) (mm) 
~ 1000 Piles Settlement<5 Settle. 




~ 1000 Piles 
-2.2m below 
surface 
~ 1000 Piles 





Settle. "' 5 
Settle. < 5 
Settle. < 40 







Settle. < 15 
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